
Vol XVI. No. I (2019) pp 3–16

ISSN: 1697-4040, www.jmr.unican.es

JOURNAL OF MARITIME RESEARCH

Navy Development Strategy to Encounter Threat of National Maritime
Security using SWOT- Fuzzy Multi Criteria Decision Making (F-MCDM)

A.K. Susilo1,∗ , U. Ciptomulyono2 , I Nengah Putra1 , Ahmadi1 , Okol S. Suharyo1

ARTICLE INFO ABSTRACT

Article history:
Received 12 March 2018;
in revised form 13 August 2018;
accepted 13 November 2018.

Keywords:
Navy Ability, Posture of Indonesia
Navy, Fuzzy MCDM, Maritime
strategy.

The shift of the economy from Europe to the Asia Pacific gives an impact on the traffic in the national
sea region. The development of regional and Indonesia’s economy has an influence on national mar-
itime security. The Indonesia Navy (TNI AL) as a state element has a fundamental duty to maintain
the security and defense of the national sea territory. Nowadays, there are several threats that occur in
a national sea with an increasing trend. The paper aim is giving an analysis of Navy ability develop-
ment strategy to encounter of maritime security threat. This paper uses a SWOT approach (Strength,
Weakness, Opportunity, Threat), Fuzzy Multi-criteria Decision Making (FMCDM), and Borda method.
The result of this paper is identified four strategies, likely Strategy 1 (SO); Strategy 2 (WO); strategy 3
(WT); Strategy 4 (ST). Strategy 1 (SO) has a weight of 0.254; Strategy 2 (WO) has a weight of 0.258;
Strategy 3 (WT) has a weight of 0.214; Strategy 4 (ST) has a weight of 0.274.
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1. Introduction.

Geographically, Indonesia is located between two continents
and two oceans that pass 40 % of the world’s sea traffic (Gin-
darsah, 2015), (Manurung, 2016), (Heiduk, 2016). The shift of
the economy from Europe to the Asia Pacific gives an impact
on the traffic in the national sea region (Espas, 2011), (Deaton
& Aten, 2015). The development of regional and Indonesia’s
economy has an influence on national maritime security (Putra,
et al., 2017).

The Indonesia Navy (TNI AL) as a state element has a fun-
damental duty to maintain the defense and security of the na-
tional sea territory. Nowadays, there are several threats that
occur in a national sea with an increasing trend. The paper aim
is giving an analysis of Navy ability development strategy to
encounter of maritime security threat.
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This paper uses a SWOT approach (Strength, Weakness,
Opportunity, Threat), Fuzzy Multi-criteria Decision Making (FM-
CDM), and Borda method. SWOT analysis is used to identify
internal and external factors in national maritime security, and
gives alternative strategies. Fuzzy MCDM (FMCDM) method
is used to select the alternative strategy in maritime security
control. The Borda method is used to define the sub strategy,
priorities of the selected strategy.

The inscriptive benefit of this paper is a literature for In-
donesia Navy for ability development strategy. It provides aca-
demic studies for maritime security and strategic development.

To support the research, this paper has many literatures,
such as literature about maritime security strategy, Chapsos and
Malcolm (2017) explains about analysis of the training needs of
the key player of Indonesia maritime security, which consider
how the ability of maritime security in Indonesia can be im-
proved (Chapsos & Malcolm, 2017). Zhang (2014) presents
about some obstacles in maritime risk studies and to overcome
uncertainty of maritime transportation (Zhang, 2014). Klimov
(2015) explains about the definition of hazard and threat in mar-
itime areas (Klimov, 2015). Bateman (2010) presents the threat
effect of Asia Pacific toward maritime security in South East
Asia (Bateman, 2010). Matthews (2016) presents about Indone-
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sia’s response in rejecting and accepting multilateral coopera-
tion in the Malacca Strait to establish maritime security stability
(Matthews, 2016). Ramadhani (2015) presents about enhance
a cooperation for all actors in the maritime sector, to reduce
the likelihood of increasingly deteriorating power competition
(Ramadhani, 2015). Lin and Gertner (2015) present that the
maritime territory gives unique risks with different solutions on
the projection of state and land-based (Lin & Gertner, 2015).

Paper literature about the method, such as Buyukozkan and
Guleryuz (2016) presents about Fuzzy MCDM uses to select
alternative energy with the criteria of quantitative and qualita-
tive analysis (Buyukozkan & Guleryuz, 2016). Toklu (2017)
explains about Fuzzy MCDM used to determine the level of
customer loyalty (Toklu, 2017). Suharyo, et al (2017) presents
about the Fuzzy MCDM to select the naval base location with
factor of political, economic, and technical (Suharyo, et al.,
2017). Lumaksono (2014) presents about SWOT analysis uses
to obtain the weight value from the expert in identifying the in-
ternal and external factors of traditional shipbuilding industry
(Lumaksono, 2014). Malik, et al (2013) explains about SWOT
analysis uses to determine the external and internal factors to
support of strategy formulation in business schools in the King-
dom of Saudi Arabia (Malik, et al., 2013). Shahbandarzadeh
and Haghighat (2010) present that the integration results of each
level and provide a final assessment of the market selection
strategy (Shahbandarzadeh & Haghighat, 2010). Junior, et al
(2014) presents the method to give a rank of countries in cal-
culating the number of gold medals, silver medals and bronze
medals won (Junior, et al., 2014).

The paper is organized as follows. Section 2 reviews the
basic concept of method and maritime security. Section 3 gives
the result and discussion of the paper. Section 4 describes the
conclusion of Naval ability strategies in Indonesia.

2. Material/Methodology.

2.1. Indonesia Maritime Security.
Indonesia is the largest archipelagic country in the world

with a coastline of about 81,000 km (Astor, et al., 2014). In-
donesia has more than 17,000 islands and its (Akhira, et al.,
2015) area covers 5.8 million km2 or about 80% of the total
area of Indonesia (Hozairi, et al., 2012). Maritime security is
influenced by the actions and patterns of interaction between
the actors involved. The concept of maritime security lies be-
tween two ideas: 1) groups using a traditional security frame-
work, 2) groups using non-traditional framework (Saragih, et
al., 2016).

The national security dimension relies on a traditional per-
spective that views national security as an effort to protect the
state’s sustainability. Therefore, the sea power is represented
by naval force as a dominant force in the maritime. Thus, mar-
itime security is identical with the use of naval power (Putra, et
al., 2017). There are several threats to maritime security, such
as; 1) threats of violence (piracy, sabotage, and vital objects of
terror); 2) navigation threats; 3) the threat of resources, such as
damage and pollution of the sea and its ecosystem; 4) the threat
of sovereignty (Poerwowidagdo, 2015).

Table 1: Matrix of SWOT.

Source: Malik, et al., 2013.

2.2. Posture of Indonesia Navy.

The development of posture is projected towards a regional
maritime with an active principle that is defensive. This posture
is designed to address possible threats, actual problems, and to
support defense forces. There are several components in the
posture, such as (Ministry of Defence, 2015):

a. Strength.
The main components of strength are built through the mod-

ernization of major weapons systems, improved maintenance,
organizational development, and support of facilities and in-
frastructure supported by defense industries, professionalism,
and welfare of soldiers.

b. Capability.
The capabilities of the Navy are designed for intelligence,

diplomacy, defense, security, regional empowerment and sup-
port capabilities.

c. Deployment.
The deployment of the Navy includes organization, strength

and ability. This is aligned with the establishment of a fleet
command organizational structure, including centralized, terri-
torial and support unit strength.

2.3. SWOT Analysis.

SWOT analysis is an effective strategic planning tool for
analyzing the organization of internal and external influences
(Leanrned, et al., 1965). SWOT analysis consists of internal
and external factors. Internal factors (strengths, weaknesses)
are used to test assets within an organization. External factors
are used (opportunities, threats) to investigate factors in the en-
vironment beyond the organizational control that affect organi-
zational performance (Wheelen & Hunger, 1995), (Hill & West-
brook, 1997). An information obtained can be integrated in dif-
ferent matrix combinations of the four factors in determining
strategies for long-term progress (Yuksel & Dagdeviren, 2007).

The SWOT analysis shows the right strategy in four cat-
egories (SO, ST, WO and WT) (Lumaksono, 2014). Strength-
Opportunity (SO), this strategy takes advantage of opportunities
by using existing strengths. Strength-Threat (ST), this strategy
uses the strength to eliminate or reduce the effects of threats.
Weakness-Opportuniy (WO) strategies are used to take benefit
from opportunities by external environmental factors with fix-
ing the weaknesses. Last, Weakness-Threat (WT) strategies are
used to reduce an impact from threat with fixing the (Yuksel &
Dagdeviren, 2007).
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Figure 1: Map of Indonesia.

Source: Authors.

2.4. Fuzzy Multi Criteria Decision Making (F-MCDM).

Liang proposes a fuzzy Multi Criteria Decision Making -
(MCDM) based on ideal and anti-ideal concepts (Liang, 1999).
In this section, it describes the MCDM fuzzy approach intro-
duced by Dursun and Karsak which based on fuzzy information
integration and 2-tuple linguistic representation model (Dursun
& Karsak, 2010).

Table 2: Correlation Score.

Source: Authors.

The settlement procedure used is stated as follows:
Step 1. This step shows the weighted results from a quali-

tative criterion level assessment to obtain aggregate weighting
values.

Step 2. This step shows the result of the preference rating
for each alternative based on the existing qualitative criteria.

Step 3. This stage determines the middle value of the fuzzy
number. This step sums the value at each level of the linguistic
scale and divides the sum with the number of criteria. Mathe-
matical notation is as follows:

at =

∑k
i=1

∑
j Ti j∑k

i=1ni j
(1)

Step 4. This step determines the lower and upper limit val-
ues of the fuzzy numbers, where the lower bound value (ct =

b (i - 1)) equals the average rate down, while the upper bound
value (bt = b (i - 1 )) is equal to the above average level.

Step 5. This step determines the aggregate weight of each
qualitative criterion. The form of linguistic assessment has a
definition of fuzzy triangle number, then aggregation process is
done by finding the aggregate value of the lower limit value of
each (ct), mean (at) and upper limit value (bt). The equation, as
follows:

ct =

∑n
j=1ct j

n
; at =

∑n
j=1at j

n
; bt =

∑n
j=1bt j

n
(2)

Step 6. This stage calculates the preference value of each al-
ternative based on qualitative criteria. In calculating the aggre-
gate weight, each alternative for each criterion will show fuzzy
aggregate values with the following models:

qt =

∑n
j=1qt j

n
; ot =

∑n
j=1tt j

n
; pt =

∑n
j=1 pt j

n
(3)

Step 7. This step calculates the fuzzy index value of each
alternative appraisal result for qualitative criteria denoted by Gi.
First, we get the value of Mit and Nt, to get the fuzzy match
index value for each subjective criteria Gi.

Gi = (Yi,Qi,Zi,Hi1,Ti1,Hi2,Ui1), i = 1,2,................m

The fuzzy index values are obtained by operating each el-
ement of triangular fuzzy numbers from the numbers 2 and 4
with the following notations:

Ti1 =

∑k
i=1(oit − qit)(at − ct)

k
(4)

Ti2 =

∑k
i=1[qit(at − ct) + ct.(oit − qit)]

k
(5)
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Ui1 =

∑k
i=1(pit − oit)(bt − at)

k
(6)

Ui2 =

∑k
i=1[bt.(oit − pit + pt.(at − bt))]

k
(7)

Hi1 =
Ti2

2.Ti1
(8)

Hi2 = −
Ui2

2.Ui1
(9)

Yi =

∑k
t=1.qit.ct

k
(10)

Qi =

∑k
t=1.oit.at

k
(11)

Zi =

∑k
t=1.pit.bt

k
(12)

Step 8. This step calculates the value of the utility in each
alternative to qualitative criteria.

Ut(Gt) =
1
2

Hi2 −

(
H2

i2 +
XR − Z1

Ut1

) 1
2

+ 1 + Hi1...


... −

(H2
i1 +

XL − Yt

Tt1

) 1
2
 (13)

XR =
1
2

{
2x1 + 2Hi2(x2 − x1) +

(x2 − x1)2

Ui2
...

}

...

−(x2 − x1)
[
(2Hi2 +

(x2 − x1)2

Ui1
+ 4.

x1 − z1

Ui1
)
] 1

2
 (14)

XR =
1
2

{
2x2 + 2Hi1(x2 − x1) +

(x2 − x1)2

Ti1
...

}

...

−(x2 − x1)
[
(2Hi2 +

(x2 − x1)2

Ti1
+ 4.

x1 − z1

Ti1
)
] 1

2
 (15)

S Ti =
UT .(Gi)∑k
t=1UT .(Gi)

(16)

Step 9. This step calculates the ranking value of each al-
ternative based on qualitative criteria by using the following
formula:

Step 10. This step Calculates the ranking value of each
alternative based on quantitative criteria by the following for-
mula:

OTi =

∑p
j=1[Ti jl(

∑m
i=1.Ti j)]

p
(17)

Step 11. This step Calculates the total of ranking value in
each alternative to qualitative and quantitative criteria by the
following formula:

FTi =
S Ti + OTi∑

V.k
, 0 ≤ x ≤ 1 (18)

Step 12. This step is selecting the best alternative based on
the value of the highest rank.

2.5. Borda Method.

Borda Rules are included in the class of ranking rules in
which points are awarded to each candidate or alternate accord-
ing to rank in voter preferences (Caillaux, et al., 2011). Each
decision maker must order an alternate option according to the
preference specified. One point is given to the highest choice
alternative; the second received two points and so on (Mohajan,
2012).

The formula describes as (Junior, et al., 2014):
Where Pa is the total number of points obtained by alterna-

tive a and rai is the rank of alternative a in Criterion i.

3. Results.

3.1. SWOT Analysis.

The analysis of Navy ability development strategies using
SWOT (Strength, Weakness, Opportunities and Threats) is max-
imizing Strength and Opportunities, while minimizing Weak-
ness and Threats. The results of the SWOT analysis are de-
scribed as follows:

Table 3: Internal Factors from SWOT Analysis.

Source: Authors.

Based on the results of respondents judgement, there are
several internal factors that become strengths and weaknesses
as contained in the table upon. It has nine points for strength
analysis factor and nine points for weakness analysis factor.



A.K. Susilo et al. / Journal of Maritime Research Vol XVI. No. I (2019) 3–16 7

Figure 2: Flowchart of Research.

Source: Authors.
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Table 4: External Factors from SWOT Analysis.

Source: Authors.

Based on table 4 upon, it has nine points for opportunity
analysis factor and nine points for threat analysis factor.

From the result of SWOT analysis, it was obtained SWOT
matrix which gives a description about Navy ability strategy.
The strategy is contained in the SWOT matrix table below:

Based on table 5 upon, this paper given four strategies Navy
ability strategies. The strategies consits of six points for strat-
egy I Strength-opportunity (SO); six points for strategy II Weak-
ness-Opportunity (WO); six points for strategy III Weakness-
Threat (WT); six points for strategy IV Strength-Threat (ST).

3.2. Fuzzy MCDM.
The next step is to determine the strategy by the Fuzzy

MCDM (F-MCDM). The choice of strategies that exists after
SWOT analysis is given weight in the ranking. Previously, a
questionnaire was completed by 6 competent expert assessors
(E1;E2;E3;E4;E5;E6) in the field of navy ability.

Table 6: Questionnaire Scale for Linguistic level.

Source: Authors.

Scale questionnaire consists of two apart, linguistic scale
and a numerical scale. The example of linguistic scale is ”very
weak”, ”weak”, ”moderate”, ”strong” and ”very strong”, while
numerical scale interval of values take 1-10, as the table below

After obtaining the data from the questionnaire, the next
step is to recapitulate the results of the questionnaire and data

processing. The steps of data processing using MCDM fuzzy
algorithm, as follows:

a. The result of qualitative criteria assessment from Expert
judgement (E1-E6).

Table 7: Result of Qualitative Criteria Assessment.

Source: Authors.

b. The result of preference assessment for each alternative
based on existing qualitative criteria (Table 8).

c. Result of middle and limit value of fuzzy number (Table
9 & Table 10).

d. The result of aggregate weight of each qualitative crite-
rion (Table 11).

e. Result of preference value of each alternative based on
qualitative criteria (Table 12).

f. The result of fuzzy index value from each alternative ap-
praisal result for qualitative criteria (Table 13 & Table 14).

g. The result of utility value in each alternative to qualitative
criteria (Table 15).

h. The result of ranking value on each alternative based on
the qualitative criteria (Table 16).

i. The result of ranking value from each alternative based
on quantitative criteria (Table 17).

Table 17: Weighting result of Strategies.

Source: Authors.

Based on Fuzzy MCDM Analysis, this paper generates the
weighting of strategies available in maritime security control.
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Table 5: Matrix of Strategies from SWOT.

Source: Authors.
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Table 8: Result of Preference Assessment.

Source: Authors.
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Table 9: Result of middle value.

Source: Authors.

Table 10: Result of limit value.

Source: Authors.

Table 11: Result of aggregate weight.

Source: Authors.
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Table 12: Result of preference value.

Source: Authors.

Table 13: Result of fuzzy index value.

Source: Authors.
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Table 14: Result of fuzzy index value.

Source: Authors.

Table 15: Result of utility value.

Source: Authors.

Table 16: Result of ranking value.

Source: Authors.
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Strategy 1 (SO) has a weight of 0.254; Strategy 2 (WO) has a
weight of 0.258; Strategy 3 (WT) has a weight of 0.214; Strat-
egy 4 (ST) has a weight of 0.274.

4. Discussion.

4.1. Strategies Development based on Threat.

In this research, Borda method is used to provide priority
allocation scale to existing sub-strategy and budget allocation
in rank strategy of previous Fuzzy MCDM analysis.

Table 18: Weight result of sub-strategy IV.

Source: Authors.

Figure 3: Graph of Weighting result of Strategies.

Source: Authors.

4.2. S-T Strategy.

Based on table 18 upon, the sub strategies were weighted.
(ST)1 has a weight of 0,069; (ST)2 has a weight of 0,064; (ST)3
with a weight of 0,03; (ST)4 with a weight of 0,063; (ST)5 with
a weight of 0,021; (ST)6 has a weight of 0,027.

Figure 4: Graph of sub-strategy IV.

Source: Authors.

4.3. W-T Strategy.
Based on table 18 upon, the sub strategies were weighted.

(WT)1 has a weight of 0,05 as a first priority; (WT)2 has a
weight of 0,021; (WT)3 with a weight of 0,021; (WT)4 with
a weight of 0,05; (WT)5 with a weight of 0,02; (WT)6 has a
weight of 0,053.

Table 19: Weight result of sub-strategy III.

Source: Authors.

Figure 5: Graph of sub-strategy III.

Source: Authors.

Conclusions.

The shift of the economy from Europe to the Asia Pacific
gives an impact on the traffic in the national sea region. On the
other side, the development of regional and Indonesia’s econ-
omy has an influence on national maritime security. The result
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of this paper is identified four strategies, likely Strategy 1 (SO);
Strategy 2 (WO); strategy 3 (WT); Strategy 4 (ST). Strategy
1 (SO) has a weight of 0.254; Strategy 2 (WO) has a weight
of 0.258; Strategy 3 (WT) has a weight of 0.214; Strategy 4
(ST) has a weight of 0.274. The result of strategy development
based on threat, such as strategy 4 (ST) has six sub strategies
with a weight 0,069 for (ST)1; 0,064 for (ST)2; 0,03 for (ST)3;
0,063 for (ST)4; 0,021 for (ST)5; 0,027 for (ST)6. Strategy 3
(WT) has six sub strategies with a weight 0,05 for (WT)1; 0,021
for (WT)2; 0,021 for (WT)3; 0,05 for (WT)4; 0,02 for (WT)5;
0,053 for (WT)6.
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